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Aquifer Test at Well SMW-1 near Moenkopi, Arizona
By Robert L. Carruth and Donald J. Bills
Abstract
The Hopi villages of Lower Moencopi and Upper Moenkopi are on the Hopi Indian Reservation south of Tuba City in northern Arizona. These adjacent Hopi villages, located west and north of the confluence of Pasture Canyon Wash and Moenkopi Wash, are dependent on groundwater withdrawals from three wells that penetrate the N aquifer and from two springs that discharge from the N aquifer. The N aquifer is the principal aquifer in this region of northern Arizona and is composed of thick beds of sandstone between less permeable layers of siltstone and mudstone. The finegrained character of the N aquifer inhibits rapid movement of water and large yields to wells; however, the aquifer is moderately productive at yields generally less than 25 gallons per minute in the study area. In recent years, the water level has declined in the three public-supply wells and the flow from the springs has decreased, causing concern that the current water supply will not be able to accommodate peak demand and allow for residential and economic growth. In addition to the challenge imposed by declining groundwater levels, the water-supply wells and springs are located about 2 miles downgradient from the Tuba City Landfill site where studies are ongoing to determine if uranium and other metals in groundwater beneath the landfill are higher than regional concentrations in the N aquifer. In August 2008, the U.S. Geological Survey, in cooperation with the Hopi Tribe, conducted an aquifer test on well SMW-1, designed to help the Hopi Tribe determine the potential yield and water quality of the N aquifer south of Moenkopi Wash as a possible source of additional water supply.
Well SMW-1 was drilled south of Moenkopi Wash to a depth of 760 feet below land surface before being backfilled and cased to about 300 feet. The well penetrates, in descending order, the Navajo Sandstone and the Kayenta Formation, both units of the N aquifer. The pre-test water level in the well was 99.15 feet below land surface. A 9.25-hour step-drawdown test and a 72-hour constant-rate test followed by recovery tests were used to investigate the performance of the test well and to estimate the transmissivity and potential yield of the N aquifer south of Moenkopi Wash. The test data were analyzed using the Cooper-Jacob method adjusted for confined conditions, the Papadopulos-Cooper method that accounts for wellbore storage, and the Theis method on the recovery data. Results of the tests indicate that in the vicinity of the well, the
Introduction
In recent years, the public water supply for residents of the Hopi villages of Lower Moencopi and Upper Moenkopi on the Hopi Indian Reservation near Tuba City (collectively referred to as the Moenkopi villages), Arizona, has been insufficient to meet peak demand ( fig. 1 ). Additionally, residents are concerned that the limited water supply will prevent future economic and residential growth. The water supply for these villages is groundwater withdrawn from three wells that penetrate the N aquifer (MSW-1, MSW-2, and MSW-3) and from two springs that discharge from the N aquifer ( fig. 1 ).
Water levels in the three public-supply wells serving the villages have declined several tens of feet in recent years (U.S. Department of Health and Human Services, 2008) . Additionally, the close spacing of the three wells leads to additional drawdown and decreased production from well interference when the wells are operated simultaneously. As a result, the water level in the wells approaches the pump intakes during continuous pumping-forcing water operators to rotate the operation of the pumps on a nearly daily basis. Discharge from MSW-3 has declined from about 40 to less than 10 gallons per minute (gal/min) when pumping is continuous in conjunction with the operation of either MSW-1 or MSW-2. The pumping water levels in MSW-1 and MSW-2 have declined several tens of feet and discharge from the wells ranges from about 25 to 40 gal/min when operation of the pumps is rotated. The discharge from one spring developed for water supply has also declined in recent years and another spring has gone dry (U.S. Department of Health and Human Services, 2008) .
The N aquifer is a regional and moderately productive groundwater-flow system that underlies most of the Navajo and Hopi Indian Reservations in northern Arizona. The Moenkopi villages, however, are located at the western edge of the N aquifer where the permeable rocks of the N aquifer are thinned by exposure and erosion or locally pinch out. area in excess of natural recharge may be dewatering the aquifer locally. Additionally, the public-supply wells and springs for the Moenkopi villages are located about 2 miles (mi) downgradient from the Tuba City Landfill site where studies are ongoing to determine if uranium and other metals in groundwater beneath the landfill are above regional concentrations in the N aquifer.
The Hopi Tribe has drilled at least three wells near the villages to explore the potential for additional groundwater resource development south of Moenkopi Wash that could augment the current water supply (Tetra Tech EM Inc., 2004) . Two wells were drilled in the N aquifer (SMW-1 and NMW-2) and a third, deeper well (MC-1) was drilled in the C aquifer ( fig. 1 ). Aquifer tests are needed to determine the optimal pumping rates and aquifer hydraulic properties in the vicinity of these wells. The C aquifer well, MC-1, has a total dissolved solids (TDS) concentration of about 3,600 milligrams per liter (mg/L); consequently, the Hopi Tribe has approved construction of a reverse osmosis plant to treat the water. Questions remain, however, about the quality and quantity of water that could be produced in the two N aquifer wells and the C aquifer well, and whether the water quality and quantity could degrade or decrease with pumping over time. The Hopi Tribe also is concerned that continued pumping of the existing supply wells with additional pumping of new wells might result in more rapid groundwater level decline and migration of potential contaminants from the Tuba City Landfill site to the village wells and springs. The Indian Health Service (IHS) and the Hopi Tribe have asked for assistance from the U.S. Geological Survey (USGS) to evaluate sources of water supply and its quality as it relates to the migration of potentially contaminated groundwater to water-supply wells and springs for groundwater resources in the Moenkopi area.
This report describes on-site monitoring and analysis of a single-well aquifer test of the South Moenkopi Wash-1 well (SMW-1). Well SMW-1 is located about 3 mi south of the Moenkopi Villages and 0.15 mi west of SR 264 ( fig.1 ). The test hole was drilled to a total depth of 760 feet (ft), penetrating 280 ft of Navajo Sandstone and 480 ft of Kayenta Formation (Tetra Tech EM Inc., 2004) . The completed test well was backfilled and cased to 300 ft; the well is screened from about 200 to 300 ft.
The IHS and the Hopi Tribe requested the aquifer test at SMW-1 as a means of addressing the immediate need for additional water supply. Evaluation of the single-well aquifertest data from SMW-1 will provide the IHS and the Hopi Tribe with a better understanding of the aquifer hydraulic properties and sustainable well yield from the N aquifer south of Moenkopi Wash-meeting the need to determine if this area has potential for development of additional public water supply. The area south of Moenkopi Wash also is under consideration for expanded community development for the village of Lower Moencopi. The information in this report is intended to complement a more comprehensive hydrogeologic study for the area surrounding both villages that the IHS and the Hopi Tribe could use to guide development of additional public water supply and protect limited groundwater resources.
Purpose and Scope
This report presents data and analysis for a single-well aquifer test at well SMW-1. The data collection and analysis were conducted in cooperation with the Hopi Tribe. This report describes the drilling and construction information for the test well and the hydrogeologic setting. Data collected for this study include pumping rates and water-level drawdown and recovery during a 9.25-hour step-drawdown test and a 72-hour constant-rate test. Additional field parameter data are presented including water temperature, specific conductance, pH, and dissolved oxygen. The report also describes a graphical evaluation of the aquifer test data. Well construction information, pumping rates, and drawdown and recovery data provide the information needed for the aquifer-test analysis and for the estimation of the optimal pumping rate for the well.
Previous Investigations
The N aquifer has been previously investigated to evaluate water availability for local needs. A study by Cooley and others (1969) provided the regional hydrogeologic characterization of the N aquifer in the Moenkopi and Tuba City area. Additional investigations by the USGS have added to this characterization over the years (Levings and Farrar, 1977; Farrar, 1977; Eychaner, 1983; Lopes and Hoffmann, 1997; Hoffmann and others, 2006; Macy, 2009) . Additional studies have characterized the aquifer at the scale of individual test wells (Tetra Tech EM Inc., 2004) . Local geology and geologic structure also has been investigated (J.P. Macy, USGS, oral commun., Jan. 2011) and is of importance as it affects the occurrence and movement of groundwater and movement of potential contaminants in the area.
Exposed rocks at the test site include Navajo Sandstone and drift sand and dunes eroded from the Navajo Sandstone. The surface deposits are covered with sparse desert grasses, cactus, and sage brush. The regional dip of rock units at the surface is about 2 degrees to the northeast toward the Tuba City syncline located about 8 mi from the test site (Cooley and others, 1969) . There are no other geologic structures recognizable at the surface of the well site.
The Navajo Sandstone and Kayenta Formation were the only major geologic units penetrated during the drilling of well SMW-1. These two units comprise the N aquifer and are described here in descending stratigraphic order. The Navajo Sandstone is an orange-red to red, fine-grained, and crossbedded sandstone. The Navajo Sandstone is as much as 1,300 ft thick to the south and southeast of SMW-1 on Moenkopi Plateau but thins rapidly from a few hundred feet to a few tens of feet at the western, north, and northwestern edges of Tohnali Mesa and west of Tuba City (Cooley and others, 1969; Farrar, 1977) .
The Kayenta Formation is a series of interbedded and thinly cross-bedded, red to dark red sandstone, siltstone, and mudstone up to 700 ft thick in the study area. Interbedding of the Navajo Sandstone with the finer grained Kayenta Formation in the Moenkopi/Tuba City area can create confining conditions, causing the water in a well drilled into the Navajo Sandstone to rise several feet, in some cases flowing at land surface (Cooley and others, 1969; Farrar, 1977) . In recent years, however, groundwater pumping for municipal water supply has reduced much of this artesian (confined) pressure (Macy, 2009) .
The Navajo Sandstone is the primary water-bearing unit of the N aquifer in the Moenkopi and Tuba City area (Cooley and others, 1969; Farrar, 1977) . At Tuba City, the N aquifer is fully to partially saturated and in some areas confined because of interfingered relatively impermeable sediments of the Kayenta Formation with the Navajo Sandstone. The Kayenta Formation also is partly to fully saturated in the Moenkopi and Tuba City area and hydraulically connected to the Navajo Sandstone. Siltstone, sandy siltstone, and sandstone layers of the Kayenta Formation yield small amounts of generally poorer (higher TDS concentration than water from the Navajo Sandstone) quality water to wells in the area. Lithographic and erosional thinning of the N aquifer south and west of Moenkopi and Tuba City has reduced the saturated thickness and yield characteristics of the aquifer locally.
About 40 springs and seeps issue from cliff faces of Moenkopi Wash in the vicinity of the Moenkopi villages (Arizona Department of Water Resources, 2008). More than 30 of these springs (ranging in discharge from less than 1 to over 15 gal/min) issue from the Navajo Sandstone and interfingered sediments of the Navajo Sandstone with the Kayenta Formation on south facing cliffs of Moenkopi Wash. This suggests that the sediments of the Navajo Sandstone are more permeable than Kayenta Formation sediments north of the Moenkopi Wash. In contrast, fewer than 10 springs issue from the north facing cliffs of Moenkopi Wash (the north edge of Tohnali Mesa) and generally discharge less than 3 gal/min from the base of the Navajo Sandstone, suggesting poorer water-bearing properties of the N aquifer south of the Moenkopi Wash. Water level measurements at wells drilled on the Tohnali Mesa portion of the Moenkopi Plateau south of Moenkopi Wash indicate depths to water of 200 ft or more. Well yields generally are less than 3 gal/min (Cooley and others, 1969; Levings and Farrar, 1977) .
Description of Well SMW-1
As stated previously, rock units identified in the drill cuttings from well SMW-1 are the Navajo Sandstone and the Kayenta Formation. Thickness of the Navajo Sandstone at well SMW-1 is about 280 ft. The cuttings from the Navajo Sandstone are white to pink and light reddish brown, well sorted, fine to very fine-grain quartz sand, slightly cemented to friable with calcareous material (Tetra Tech EM Inc., 2004) . A gradual transition from mainly Navajo Sandstone to the underlying Kayenta Formation is indicated by alternating reddish-brown sandstone with pinkish-white siltstone over the depths of 220 to 340 ft. The well penetrates the upper 480 ft of Kayenta Formation, which has been estimated to be approximately 750 ft thick at the well (Cooley and others, 1969) . Cuttings of Kayenta Formation from well SMW-1 are described as a sequence of interbedded reddish-brown siltstones and sandstones. The siltstone is reddish brown, moderately well sorted, occasionally sandy with quartz sand, and well cemented with calcareous material (Tetra Tech EM Inc., 2004). The sandstone consists largely of reddishbrown silt to very fine quartz sand that is well cemented with calcareous material. Toward the bottom of the test hole small amounts of feldspar and biotite are more prominent in the sandstone layers. Based on the cuttings description these sandstone layers in the Kayenta Formation are not interfingered facies of the Navajo Sandstone.
Well (2004) of the SMW-1 well were conducted using airlift methods to investigate the water-level response and to collect water samples from four water-bearing zones encountered in the test hole. Three of these zones were in the Kayenta Formation from depths of 650 to 718 ft, 511 to 583 ft, and 356 to 427 ft. One of the zones was in the Navajo Sandstone and Navajo Sandstone/Kayenta Formation transition zone from depths of 247 to 291 ft. Water from each zone was airlifted for about 8 hours and at the end of the period, a water sample was collected for chemical analysis.
Only the upper part of the Kayenta Formation (depths of 356 to 427 ft) and the Navajo Sandstone yielded a sufficient quantity of water for the collection of water samples. Airlift discharge rates were 4 gal/min or less for the duration of the tests with the Navajo Sandstone producing the higher flow rates. According to Tetra Tech EM Inc. (2004), the total dissolved solids (TDS) concentrations were 610 mg/L in water samples from the upper Kayenta Formation zone and 220 mg/L in water samples from the Navajo Sandstone. 2): After the zone testing was completed, the hole was left idle for an unknown period of time before being completed. On completion, the hole was backfilled with material that came out of the hole and local sand to a depth of about 300 ft. Fiveinch outside diameter (OD), 4-inch (in.) inside diameter (ID), PVC (polyvinyl chloride) casing was installed from 2.5 ft above land surface to about 300 ft below land surface with a 100-ft screened interval from about 200 to 300 ft. The well screen is likely schedule 40 slotted PVC. The well was gravel packed with graded sand and grout sealed at the surface (Todd Beeman, Beeman Brothers Drilling, oral commun., July 2008). There is no static water-level information from before or after the zone tests or after well completion. On July 5, 2008, one month before the aquifer test, the static water level in the well was 98.5 ft below land surface.
Aquifer-Test Data and Evaluation
Aquifer-Test Methods
A single-well aquifer test was conducted at well SMW-1 in August 2008 to estimate potential well yield and transmissivity of the N aquifer in the vicinity of the well. The test included a step-drawdown test and a constant-rate test. The next closest well to well SMW-1 is over 2 mi to the northwest, which is too far away to use as an observation well given the length of the test and the anticipated pumping rates ( fig. 1 ). The step-drawdown test was used to determine the pumping rate for the constant-rate test. The constant-rate test was used to provide estimates of transmissivity and yield for the well. Recovery data from the constant-rate test were used to provide another estimate of transmissivity. The stepdrawdown test was planned for 12 hours with about 24 hours of monitored recovery; however, the pump was shut off after about 9 hours and 15 minutes when drawdown in the well (at a pumping rate of 30 gal/min) reached the bottom of the sounding tube, preventing further water-level measurements. After recovery from the step-drawdown test, the 72-hour constant-rate test was planned with about a 78-hour monitored recovery period. About one month prior to the aquifer tests, static water-level data from the well were collected once per day, 3 to 5 days per week. The pre-pumping static water level ranged from 98.39 to 100.4 ft below land surface and averaged 99.15 ft. On July 30th a submersible pump with 2-in. column pipe and a ¾-in. sounding line were installed in the well.
The well was instrumented with a pressure transducer and data logger (miniTROLL ® , In-Situ Inc.) in the sounding line on August 5th that measured water level and temperature every second for 21 hours-until just before the start of the step-drawdown test on August 6, 2008, at 1400 hours Mountain Standard Time (MST). Based on these measurements, the static water level leading up to the stepdrawdown test averaged 99.35 ft below land surface and varied about plus or minus 0.1 ft. During both the stepdrawdown test and the constant-rate test, the transducer logged water level and temperature data every second. The transducer had a pressure range of 100 ft and had to be periodically lowered and raised in the well during the test and recovery periods to avoid exceeding the stated range. Check measurements were made in the sounding line using a calibrated electric tape (Solinst Model 101) at least every hour for the duration of the test and recovery periods. Check measurements were made more frequently near the beginning of the pumping periods and at the start of the recovery periods.
Barometric pressure data were obtained from the Tuba City Weather Station for the period of August 8-15, to adjust for barometric effects, if necessary. Barometric pressure varied over a narrow range from 24.53 to 24.78 inches of mercury during the test period and no corresponding waterlevel change was noted; thus, no adjustments to the waterlevel data were necessary.
Well discharge was measured with a Rockwell totalizing inline flow meter installed about 4 ft from the wellhead in a 2-in. discharge line. At the end of the 2-in. steel discharge line, the discharge was checked volumetrically with a 50-gallon (gal) plastic barrel. Prior to the test, the volume of the barrel was checked with a calibrated 5-gal plastic bucket. A 3-in. modified Parshall flume was installed about 20 ft downstream from the end of the discharge line as an independent check measurement of discharge from the well. For both tests the water was channeled to a stock pond about 300 ft east of the pumping well-very little of the pumped water accumulated in the stock pond. Most of the water infiltrated into the loose surface sand and (or) evaporated. There is a small possibility that the discharged water could have recharged the aquifer during the test, but it is not likely given the short duration of the test and other site conditions. During the step-drawdown test and the constant-rate test, the well-discharge water was tested hourly for temperature, specific conductance, pH, and dissolved oxygen with a Hydrolab Quanta multimeter. These basic field waterquality parameters were collected during the tests because well SMW-1 may be evaluated for an additional source of water supply in the future-evaluation of the data will help determine if poorer quality water from the underlying Kayenta Formation (higher TDS concentration than water from the Navajo Sandstone) moves upward into the well under pumping conditions.
Water-level drawdown (displacement) in the well was estimated by subtracting the water levels measured during the aquifer test from the average water level measured before pumping began. As stated previously, no adjustments for barometric, earth-tide, or regional effects were made to measured water levels before drawdowns were estimated. The data provided in this report are the corrected drawdown values used in the aquifer-test analysis.
The well construction information, pumping rates, and drawdown and recovery data provide the needed input for the aquifer test analysis. The transmissivity of the N aquifer in the vicinity of the test well was estimated by using the aquifer-test software AQTESOLV, Version 4.50 Professional (Duffield, 2007) , which includes a number of analytical solutions to drawdown and discharge data. Specific capacity was determined from the drawdown and discharge data for both the step-drawdown and constant-rate tests. Using the aquifer-test software, transmissivity was estimated independently using (1) the Cooper-Jacob method adjusted for confined conditions (Cooper and Jacob, 1946) , (2) the Papadopulos-Cooper method which accounts for wellbore storage (Papadopulos and Cooper, 1967) , and (3) the Theis method on the recovery data (Theis, 1935) . The methods used to analyze the aquifer test data, and their limitations, also are described in Kruseman and de Ridder (1994) . The sustainable yield and well spacing estimates are based on their proportional relation to the aquifer properties, the discharge rate of the well, the drawdown data, and the length of the pumping period.
The process of drilling a well affects the permeability of the aquifer in the immediate vicinity of the borehole. This is referred to as "skin effect" (Driscoll, 1986) . At the beginning of a pumping period, the water level can fluctuate significantly in response to the changes in local permeability and pumping. These fluctuations create noise in the waterlevel record that add complexity to evaluation of single-well aquifer tests. In addition, wellbore storage in the pumping well affects water levels at the beginning of the aquifer test. As a result, water-level data from a pumping well generally are less desirable for analysis of aquifer properties than data from observation wells located some distance from the pumping well. Pumping-well data are useful, however, for estimating transmissivity in the absence of observation wells. The recovery data for single-well tests are more useful since these data are not subject to the same borehole effects caused during pumping of the well.
The step-drawdown test was conducted on well SMW-1 on August 6th starting at 1432 MST ( fig. 3) . The initial pumping rate was 10 gal/min with two additional steps at 20 and 30 gal/min. The drawdown at 10 gal/min was reasonably stable after 275 minutes of pumping and the discharge rate was increased to 20 gal/min. At 525 minutes the drawdown was reasonably stable and the discharge rate was increased to 30 gal/min. At 555 minutes the drawdown reached the end of the sounding tube at a depth of 255 ft and depth-to-water measurements could no longer be measured. At 2300 MST on August 6th at 556 minutes, the pump was shut off and recovery began. After 1,395 minutes at 1300 MST on August 7th, the water level in the well had recovered to 102.8 ft or 97 percent of the original static water level. The selected pumping rate for the constant-rate test was 20 gal/min, based on the reasonably stable drawdown at that rate during the step-drawdown test. The constant-rate test started at 1330 MST on August 7th and ended 71.6 hours later on August 10th at 1200 MST ( fig. 4 ) with a maximum drawdown of 123.2 ft. The recovery period lasted for about 78 hours when the static water level in the well had recovered to 104.6 ft or 98 percent of the pretest static water level. Total water pumped from the well during both the step-drawdown test and the constant-rate test was 94,650 gallons.
Estimation of transmissivity at Well SMW-1
As stated previously, aquifer transmissivity values were estimated from the well data based on the Cooper-Jacob, Papadopulos-Cooper, and Theis (recovery) methods adjusted for both confined and unconfined conditions (figs 5A-C; Driscoll, 1986) . The adjustment for unconfined conditions involved using the pre-pumping saturated thickness of the aquifer in place of the well function in the calculation of transmissivity. Transmissivity estimated from the constant rate test was approximately 50 ft 2 / day ( fig. 5A-C; table 1) . The values of transmissivity and specific capacity for SMW-1 are at the low end of the range for the N aquifer when compared with data for other wells in the region (table 1) . These lower values are to be expected given the location of SMW-1 at the western edge of the N aquifer where the saturated thickness of the formation is thinning and there is little fracturing in the formation to improve permeability (Cooley and others, 1969; Levings and Farrar, 1977) .
Information on the specific capacity of a well is useful because it can be used to estimate the potential well yield. Specific capacity of a well is a function of the aquifer transmissivity, the design of the well, and how the well is tested. Higher aquifer transmissivity generally results in higher specific capacity values for a well. Specific capacities in unconfined aquifers generally are lower over time owing to a dewatering of the aquifer and decrease in saturated thickness. In general, given the same aquifer characteristics, wells with a larger radius will have greater specific capacity than wells with a smaller radius because there is more screened area for water to flow into the well. Wells with a smaller radius may also underrepresent the specific capacity owing to transmission losses between the well and the aquifer. The duration of the aquifer test also affects the estimation of specific capacity of the well owing to decreased effects of the well as drawdown conditions in the well near equilibrium with the aquifer. Pumping at a high rate will also result in lower than expected specific capacity owing to rapid dewatering of the well. Based on the step-drawdown test data, the specific capacity of the well is about 0.20 gallons per minute per foot [(gal/min)/ft] (table 1). The specific capacity of the well estimated from the constant-rate test was slightly less at 0.16 (gal/min)/ft, owing to the greater drawdown over a longer pumping period. From these data and considering the well design, a reasonable pumping rate for this well would be about 15 gal/min. This would result in a drawdown at the well of about 75 ft, or a little less than half of the available saturated thickness of the aquifer at the well. Well designs with larger diameters more consistent with public-supply wells in this area may result in slightly greater well yields. Sustainable well yields in this area, however, are limited by the relatively low transmissivity of the aquifer.
Water Quality
Water temperature, specific conductance, pH, and dissolved-oxygen concentration were monitored hourly during the step test and constant-rate test. These parameters fluctuated very slightly during the tests ( fig. 6A-D) . The specific conductance stabilized at around 312-314 microsiemens per centimeter (μS/cm). This value is consistent with the value of 310 μS/cm measured from the N aquifer by Tetra Tech EM Inc. (2004) during zonal testing of the borehole. Tetra Tech EM Inc. also determined that the Kayenta Formation in this borehole has a specific conductance of 640 μS/cm. This suggests that the casing and construction of well SMW-1 may have effectively isolated water in the Navajo Sandstone from the poorer quality water in the underlying Kayenta Formation; however, a longer term preproduction test would help the Hopi determine if the lower Navajo Sandstone specific conductance would remain stable with time. The pH of water from the well ranged from 8.2 to 8.6 after stagnant water was evacuated from the well. After stagnant water was evacuated from the well, the dissolved oxygen decreased steadily from about 5 mg/L to 3 mg/L at the end of the tests. Based on these observations, the water quality of this well appears be suitable for public supply. Tetra Tech EM Inc., however, observed dissolved iron from the well slightly in excess of the U.S. Environmental Protection Agency (USEPA) maximum contaminant level (MCL) of 0.3 mg/L (0.33mg/L; Tetra Tech EM Inc., 2004). The USGS collected no other water samples from this well during the tests for additional water chemistry analysis.
Summary
The N aquifer is the most productive aquifer in northeastern Arizona and provides industry, businesses, agriculture, and people in the Moenkopi/Tuba City area with a dependable water supply. However, the public water supply for residents of Upper Moenkopi and Lower Moencopi Villages on the Hopi Indian Reservation near Tuba City has been in decline in recent years, prompting the Hopi Tribe to drill three test wells near the villages to explore the potential for additional groundwater resource development south of Moenkopi Wash. This report summarizes results of step-drawdown, constant-rate, and recovery tests conducted by the USGS on one of these wells, well SMW-1, located south of Moenkopi Wash and about 2.5 mi south of Lower Moencopi Village.
Well SMW-1, as completed, had a static water level of 99.15 ft below land surface at the beginning of the aquifer test and a saturated thickness of about 200 ft. Transmissivity of the N aquifer in the vicinity of the well is estimated to be about 50 ft
